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ABSTRACTS OF ADDITIONAL WORKSHOP LECTURES* 
Geometric Aspects of Catastrophe Theory. J. Callahan (Department of Mathematics, Smith College, 
Clark Science Center, Northampton. Massachusetts 01063. USA). 
Elementary catastrophe theory is the study of singularities of functions. A basic problem is 
bifurcation: How does a degenerate critical point evolve into less degenerate forms as the defining 
function unfolds. that is. undergoes perturbation? This is a geometric problem whose answer has 
two aspects: One must describe all critical point configurations which can arise in an unfolding and 
determine which functions in that unfolding are associated with a particular configuration. Catas- 
trophe theory offers a new paradigm for the sciences: its descriptive power is primarily visual and 
it relies on a clear treatment of geometric questions. This paper surveys some methods used to 
study bifurcation in catastrophe theory. particularly those which can be applied to complicated 
bifurcations in more than three dimensions. Topics covered are the hierarchy of singularities and 
their blossoms. the method of tableaus. and the use of apparent contours. 
A Geometrical Formulation of the Embedding Problem for Stochastic Matrices. Gerald S. Goodman 
(Universita Degli Studi, lnstituto Matematico, Viale Morgugni 67/A, 50134 Firenze, Italy). 
A classical problem in analytic probability proposed by Doeblin in the thirties, is to characterize 
those II x II stochastic matrices that can occur as transition matrices for an /I-state continuous 
time, nonhomogeneous Markov chain. 
Analytically, the problem is to find which stochastic matrices P can be embedded in a two 
parameter family P(s,t) which is continuous in (s,l) for 0 5 s 5 t 5 t,,, and satisfies the Chapman- 
Kolmogorov functional equation 
P(s,t) = P(s,u)P(u,t) for 0 % s 5 n 5 t 5 to 
with 
P(s,r) = I when s = t 
and 
P(OJ,) = P. 
Here the matrix P is given and conditions are sought which allow the family of stochastic matrices 
P(s,t) to be found. The problem has important applications in the statistical modelling of biological 
and social processes using fragmentary data. 
About ten years ago, the author showed that, by introducing a suitable time scale, the family 
P(s.t) could be exhibited as the general solution of the Kolmogorov differential equation 
dP 
- = PQ(t), 0 5 t I to, 
dt 
*No papers were submitted for these lectures. 
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